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ROLLER SUPPORT MECHANISM FOR
TOROIDAL DRIVE
Charles E. Kraus, Franklin Lakes, N.J., assignor io
Excelermatic, Inc., a corporation of New York
Filed Mar. 19, 1963, Ser. No. 266,363
10 Claims. (Cl 74-—200)

This invention relates to toroidal type variable speed-
ratio transmissions and in particular to a novel and im-
proved roller support mechanism for such transmissions.

Such transmissions comprise a pair of drive members
having facing toroidal or toric surfaces with a plurality
of rollers (preferably three) disposed and in friction driv-
ing contact with said surfaces and with each roller mount-
ed for speed-ratio changing movement or precession of its
axis of rotation to change the speed-ratio of the driving
connection provided by the rollers between. the toroidal
members. . A transmission of this type is disclosed in
United States Patent 3,008,337, isuused on November 14,
1961.

As disclosed in United States Patent 3,048,047, issued
on August 7, 1962, each roller is-supported on a pivot
shaft which has a limited movement along its axis for
inducing speed-ratio changing movements of the rollers
and also may rotate about its axis along with its associ-
ated roller as said roller varies its. .speed-ratio position.
Said patent further discloses bearing support means for
each pivot shaft positioned adjacent the ends of said pivot
shafts which allows for translational and rotary. move-
ment of the pivot shafis while supporting said shafts
against radial loads imposed on said shafts during. trans-
mission operation.  The pivot shafts of said patent have
a hydraulically actuated control mechanism at one end
thereof for inducing translational movement of said shafts
and positioned on an extension of the other end of said
shafts is a damping mechanism for damping the transla-
tional movements of said shafts, the function of said
mechanisms being clearly described therein.

As further disclosed in my co-pending application Serial
No. 94,188, filed on March 8, 1961, now Patent No.
3,087,348, the toroidal surfaces are relatively axially mov-
able for maintaining friction driving contact pressure with
the tollers. As the toroidal surfaces are moved relatively
toward each other, axial pressure is exerted by both toroi-
dal surfaces on the rollers which in' effect squeezes the
rollers between the surfaces. This squeezing effect exerts
a radial pressure on the rollers and forces the rollers radi-
ally outwardly. So it can be seenthat radial loads will
be imposed on the rollers and their support mechanism
and if the radial loads are mot adequately compensated
for the roller supporting pivot shafts may defiect and the
friction driving contact pressure between the rollers and
the toroidal surfaces may be reduced ‘thus affecting. the
operation of the transmission.

The present invention provides for a novel and im-
proved bearing support mechanism for the pivot shafts
which permits the use of shorter, stiffer shafts than could
previously be used and results in a more compact and
rugged structure than could heretofore be utilized. -Fur-
ther, the present invention substantially eliminates pivot
chaft deflections and increases loading capacity on said
shafts, in particular radial loads imposed through the roll-
er mechanism and enables more uniform loading of the
bearings.

The invention is generally -carried out by providing a
substantially semicylindrical cradle-type bearing mecha-
nism which is positioned ‘beneath and ‘wraps around -a
substantial portion of each pivot shaft and is disposed
directly opposite its associated roller. Bearing means at
the ends of the pivot shafts are therefore not required
and the related hydraulically actuated control mechanism
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and damping mechanism for each pivot shaft may be in-
corporated within the ends of the pivot shaits without
any sacrifice in pivot shaft supporting structure. There-
fore, the pivot shaft and its associated mechanisms can
now be combined in a more compact structure which
serves to reduce the overall size of the transmission.

Accordingly, it is one object of the present invention
to provide a novel and improved roller support mechanism
for a toroidal type transmission.

It is another object of the invention to provide a novel
and improved roller support mechanism for a toroidal type
transmission which is rugged in construction and more
compact than said mechanisms in previous transmissions
of this type. )

1t is a further object of the invention to provide a novel
and improved roller support mechanism for a toroidal-
type transmission which substantially eliminates roller
pivot shaft deflections and having increased loading capac-
ity at said roller pivot shafts.

It is an additional object of the invention to provide
a novel and improved roller support mechanism for a
toroidal-type transmission wherein shorter, stiffer roller
pivot shafts may be used thereby increasing compactness
and strength of said transmission.

1t is also an object of the invention to provide. a novel
roller pivot shaft construction for a toroidal-type trans-
mission wherein associated - translational inducing and
damping mechanisms may be incorporated within the
roller pivot shaft thereby increasing overall compactness
of said transmission.

It is still another object of the invention to provide
novel and improved roller support mechanism which in-
cludes a novel damping mechanism incorporated within
each roller pivot shaft.

Cther objects and advantages will be apparent upon
reading the annexed detailed description with the accom-
panying drawings in which:

FIG. 1 is an axial sectional view through a toroidal-
type transmission embodying the invention;

FIG. 2 is a sectional view taken along line 2-—2 of
FIG. 1; .

FIG. 3 is an enlarged view of a bearing mechanism
of the invention with its associated roller mechanism;.and

FIG. 4 is an enlarged sectional view of a portion of
a pivot shaft of the invention illustrating the damping
mechanism therein.

Referring now to FIGS. 1 and 2 of the drawings, a
transmission 10 is illustrated as comprising co-axial input
and output shafts 12 and 14, input and output toroidal
disc members 16 and 18 co-axially mounted on and driv-
ably connected to the shafts 12 and 14 respectively, and a
plurality of circumferentially-spaced rollers 20 disposed
between and in friction driving engagement with the toric
surfaces of the disc members 16 and 18. Preferably, as
illustrated, three rollers 20 are provided between the
toroidal members 16 and 18. Also, at least one of the
toroidal members 16 and 18 is axially movable toward
the other. For this purpose.the disc member 16 is sup-
ported on the input shaft 12 for axial movement there-
along.

The input toroidal disc member 16 has a toroidal sur-
face 22 which preferably is generated by rotating a sub-
stantiaily circular arc about the common axis of the input
and output shafts 12 and 14, the center of the generating
arc tracing the circle 24 as the toric surface 22 is gener-
ated. The output toroidal disc member 18 has a similar
toroidal surface 26 facing the input toroidal surface 22
and having substantially the same toric center circle 24.

The shafts 32 and 14 are supported by bearings 3¢ and
32 in a multi-part housing including end sections 34 and
36 and an intermediate section 38 secured to said end
section. The intermediate housing section 38 is a Y-
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shaped frame structure between which the three rollers
20 are disposed, said Y-shaped structure providing end
bearings 40 and 42 for the adjacent ends of the shafts 12
and 14.

Each roller 26 is journaled by bearings 44 and 46 on a
spindle 48, said bearings being designed to support its
roller against radial loads and to support its roller 20
against thrust radially outward along its spindle 48, the
axis of each said spindle 48 being substantially radial rela-
tive to the transmission axis. A spring 48, preferably
in the form of a Belleville washer, is disposed between
the inner race of the bearing 46 and a shoulder on the
spindle 48 so that the axial thrast on the roller 20 serves
through its bearing 46 to compress the spring 49 thereby
to distribute the axial thrust between the bearings 44 and
46. Since the Belleville spring 49 is between the bearing
46 and the spindle 48 it serves to limit the thrust load
carried by said bearing 46, said bearing 46 having a sub-
stantially smaller load carrying capacity than the bear-
ing 44. ’

Each roller spindle 48 is supported by a pivot shaft 50
for speed-ratio changing movement of its roller about the
axis of its said pivot shaft and relative to the toric surfaces
22 and 26. Relative to the transmission axis, each roller
20 is disposed on the radially inner side of its associated
pivot shaft 50. The axis of each pivot shaft 50 is substan-
tially tangent to the toroidal center circle 24 and is dis-
posed in a plane perpendicular to the transmission axis.
Thus, the pivot shafts 58, like the rollers 20, are circum-
ferentially-spaced about the transmission axis, there being
one pivot shaft 58 for each roller.

Each roller spindle 48 has an end plate 54 having a
substantially semi-cylindrical groove 56 facing a corre-
sponding groove 58 in the surface of a central portion of
its agsociated pivot shaft 50. Each such semi-cylindrical
groove 56 and 58 is disposed parallel to the axis of its
associated pivot shaft 50. A pin 60, is received in each
facing pair of grooves 56 and 58 so that through its pin 60
the associated roller 26 is supported by the shaft 50 for
speed-ratio changing movement of the roller with and
about the axis of its shaft 50,

Each pin 60 also permits a limited pivotal movement
of its associated roller 20 about the axis of said pin to
equalize the contact pressures of said roller against the
toric surfaces 22 and 26; .

Each pivot shaft 58 has a limited movement along its
axis and. jts associated roller spindle end plate’ 54 has
tongue lugs 62 received within a cross-slot or groove 64
in the shaft 58 so that movement of a shaft 50 along its
axis results in a corresponding movement of its roller 20
in this direction. Obviously, since the cross-slot 64 on
each pivot shaft 59 is disposed at right angles to the ad-
jacent pin 60, this engagement between each pivot. shaft
cross-slot 64 and the roller spindle Ings 62 does not inter-
fere with limited pivotal movement of the associated roller
spindle 54 about the axis of the pin 60 to equalize the
contact pressures of the associated roller 20. against the
toric surfaces 22 and 26.

The. direction of rotation of the transmission is such
that as viewed in FIG. 2 the input toric member 16 rotates
clockwise and therefore the traction forces F exerted by
the toric members 16 and 18 on, for example, the lower
roller 20 are directed toward the left. Any unbalance of
the traction forees on a roller and the. forces along and on
its pivot shaft 50 results in movement of the roller and its
pivot shaft 5¢ along the axis of said shaft. As fully ex-
plained in the aforementioned Patent- 3,048,047 such
movement of a roller 29 along the axis of its pivot shaft
50 results in precession, or speed-ratio changing pivotal
movement of the roller with and about the axis of its
pivot shaft 50 to a speed ratio position in which said
forces again are in balance.

As is known, speed-ratio changing precession of the
rollers may also be produced by tilting of each roller
about an axis through or parallel to a line through the
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points of contact of the roller with the toric members 16
and 18. As is also disclosed in said patent, if such a roller
tilt axis is offset from a- line through the roller points of
contact with the toric members, then the traction forces
exerted by the toric members 16 and 18 on each roller
apply a turning moment on the roller about its tilt axis
which may be balanced by the hydraulic control force.
Accordingly it is within the scope of this invention to use
such roller tilting to induce speed-ratio changing preces-
sion of the rollers instead of shifting of each roller along
the axis of its pivot shaft 50, .

A Belleville washer 66 along with a cam and sprag de-
vice 68 may also be provided as illustrated in FIG. 1 for
axially loading the input disc 16 toward output disc 18 so
that friction contact will be maintained between discs 16,
18 and rollers 29 during operation, Reference may be
made to said aforementioned Patent 3,048,047 for a more
complete description of the function of the washer 66 and
cam and sprag device 68. It should of course be under-
stood that other suitable mechanisms may be utilized for
axially loading the discs and the details of the cam and
sprag device and Belleville washer form no part of the
present invention.

As the input disc 16 is urged toward output disc 18, the
two discs exert axial pressure on the rollers 20.  Since the
rollers 28 are mounted inwardly of the toric ceiiter line,
as illustrated, the contact pressure from the discs 16 and
18 on the rollers forces the rollers 20 radially outwardly
so that the rollers 28 exert radial pressure on their asso-
ciated pivot shafts 5¢ which is concentrated substantially
at the center portion of the pivot shafts 50 due to the loca-
tion of the rollers with respect to their pivot shafts. These
radial loads tend to cause the pivot shafts to deflect at.
said center portions and in order to combat shaft deflec-
tion the pivot shafts in previous embodiments were built-
up around the center portion. Also, in order to provide
adequate bearing surface for said previous pivot shafts,
they were made substantially long and were supported by
bearings adjacent their axial end portions. These axial
end portions of the pivot shafts were required to be strong
at their bearing support areas in order to. support the vary-
ing loads imposed upon the pivot shafts. Therefore, the
related hydraulic control and damping mechanisms had
to be mounted externally of the pivot shafts and the trans-
mission housing which required a substantially bulky
structure. The present invention presents a riovel and im-
proved pivot shaft construction- over that of previous
embodiments as will be pointed out hereinafter.

In accordance with the invention éach roller pivot shaft
59 is cradled in a substantially semi-cylindrical bearing
means which is disposed on the opposite side of the asso-
ciated pivot shaft from the side supporting the rollets 2.
As illustrated in the drawings, the bearing means inictudes
a substantially-semi-cylindrical bearing member 70 com-
prised of a substantially-semi-cylindrical bearing cage of
ball retainer 72 surrounding a portion of its associated
pivot shaft 50 -and carrying a plurality of movable balls
74 therein which cover substantially the entire surface
area of the retainer 72. Of course, the invention is not
intended to be limited to the number and size balls illus-
trated and in particular in FIGS. 1 and 2 some balls have
been eliminated for reasons of clarification of illustration.

As further illustrated by the drawings, each bearing
member 70 is disposed with respect to its pivot shaft such
that, the bearing member 70 extends in a direction paral-

- lel to the pivot shaft axis and terminates 2 substantial

distance from each end of its associated pivot shaft. Thus,
the bearing member 70 may be said to be centrally dis-
posed and radially outwardly of its associated pivot shaft
59.

A bearing support member 76 is positioned radially out-
wardly of the bearing member 79 with respect to the trans-
mission axis and in turn is supported on a mating section
of the intermediate housing 38, as illustrated in FIGS. 1
and 2. The bearing support member 76 is shaped so as
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to receive the entire bearing member 79 therein.  As can
be seen from the drawings, the support member 76 also
serves as a stationary outer race for the bearing member
7@ and the pivot shaft 50 serves as a movable inner race
for said bearings member thereby allowing the pivot shaft
to translate along its axis and pivot about its axis while
the bearing member 70 has a limited movement with
respect to pivot shaft 50 and its support member 76. -

Since bearing support at the end portions of the pivot
shafts is not required ‘with the bearing support of the
present invention, these end portions may be utilized for
incorporating related hydraulic control mechanisms and
damping mechanisms therein. - As shown in FIG. 2, each
end portion of the pivot shafts 50 has a hollow portion 78
formed therein in which is slidably received a pin 80.
The pins 8¢ are suitably fastened to a sleeve member 82
which is received into the intermediate housing and suz-
rounds the end portions of the pivot shafts thereby de-
fining cavity portions 84 and 86 between the respective
axial ends of each pivot shaft and its respective sleeve
member §2. - A fluid supply pressure is supplied to cavity
portions 84 and 86 from a suitable fluid pressure control
system, as for example that clearly described in co-pend-
ing application entitled “Ratio Control For Toroidal Trac-
tion Drive” invented by Michael Davis and Charles E.
Kraus, and may enter the cavity portions 84 and 86
through conduits 88 and 98, respectively. The conduits
88 and 99 each feed a passageway 91 in the intermedi-
ate housing which terminates at an annulus 92 in each
sleeve member 82 and which is interconnected with
cavity 84 by a passageway 94. It will be apparent that
each pivot shaft may be caused to translate along its axis
by varying the fluid pressure to the cavities 84, 86 where
the fluid pressure will act on the end face of the pivot
shafts, which act as piston faces, and induce translational
movement in accordance with the differential pressure
in each of the cavities, as clearly explained in the above-
mentioned co-pending application.

When the rollers are caused to rapidly pivot toward a
higher speed-ratic or overdrive position, as by a sudden
decrease in load, the contact pressure between the rollers
and toroidal surfaces has a tendency to lag and therefore
the rollers may slip with respect to said surfaces, if the
pivotal movement of the rollers is not dampened. How-
ever, the amount of damping required for sudden move-
ments of the rollers toward low speed-ratio’ or under-
drive positions as for example due to sudden load in-
crease, does not have to be as’great since the contact pres-
sure between the rollers and discs is normally greater
in the lower speed-ratio range and slippage will be less
iikely to occur. Further, sudden load increases are best
absorbed by the transmission at lower speed-ratios since
the transmission is effectively slowed down and there-
fore sudden pivotal movements toward a lower speed-
ratio position is not in itself undesirable as in the case of
sudden pivotal movements toward - higher speed-ratio
positions.

The damping mechanism of the present invention pro-
vides for different rates of damping of the pivotal shafts
50 so that translational movements of said pivot shafts
inducing roller movement towards higher speed-ratio
positions are effectively dampened a greater amount than
translational movements inducing roller movement toward
lower speed-ratio positions.

Each of the pivot shafts 50 is further provided with
an enlarged hollow portion in one of its end portions
for receiving a damping mechanism therein. As illus-
trated in FIGS. 2 and 4, the damping mechanism may
comprise a damping piston 96 which is suitably keyed to
the pin 80 and spaced from the end face of the enlarged
hollow portion in pivot shaft 58 so that the pivot shaft 50
may slide with respect to said piston 96 and pin 80. A
removably mounted insert member 98 is spaced along the
axis of pin 80 from the piston 96 and is supported in
the end of the pivot shaft 50 so that it will slide with pivot
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shaft 50 with respect to pin 89. The insert member 98
forms the major portion of the piston face at its respec-
tive end of the pivot shaft.

As further shown in FIG. 4, the enlarged hollow por-
tion in pivot shaft 50 containing the damping piston 96
is filled with a damping fluid which may be of the type
disclosed in the aforementioned Patent 3,048,047. A re-
stricted damping passage 108 is provided in one portion
of the piston 96 for permitting restricied flow of the
damping fluid between the faces of the damping piston
96 so that any sudden translational movements of the
pivot shaft which may induce the rollers to pivot to a
new underdrive or overdrive position will be dampened
by the restricted flow of the damping fluid through the
restricted damping passage 100.

A second damping passage 102, which is larger in cross-
sectional area than passage 160, is also provided in a
second portion of the piston 98, the passage 102 being

- provided with a check valve 184. The check valve 184

20

25

30

35

40

45

50

55

60

65

70

75

is oriented in passage 162 such that when the pivot shaft
50 translates toward a lower speed-ratio position, that
being to the left as viewed in FIG., 4, the check valve 104
will be pushed open by the fluid on the right side of
piston 96, as viewed in said FIG. 4. It will be apparent
therefore, that the fluid will flow through both passages
100 and 102 when the pivot shaft 50 translates toward
underdrive. When the pivot shaft transiates toward
overdrive or high speed-ratio position, the fluid on the
left side of piston 96 will push the check valve 104 closed
and fluid will only flow through restricted passage 100 in
this case. . Therefore, it can be seen that the amount of
damping is substantially greater when the pivot shaft
translates toward overdrive than when translating toward
underdrive.

Suitable seals 106 may be provided on the pivot shaft
59, the sleeve member 82, the piston 96, the pin 86 and
the insert member 98, as illustrated, for preventing any
fluid leakage or by-pass in the region of these elements.
Cap members 188 may also be provided on the outer ends
of the sleeve members 92 for enclosing the fastened ends
of the pins 80.

It will be apparent from the above detailed description
that the radial loads imposed upon the pivot shafts will
be absorbed by the novel bearing means of the invention
and due to the positioning and large bearing area pro-
vided by said bearing means it is no longer necessary to
build up the pivot shafts at their center portions wherein
the radial loads are normally -concentrated. Further,
since ‘separate bearing support means are no longer re-
quired at the axial ends of the pivot shafts, a novel pivot
shaft construction may be utilized wherein a novel damp-
ing mechanism is located within end portions of the pivot
shafts. The mnovel construction of the invention results
in a more compact pivot shaft construction with increased
load capacity and an overall more compact and rugged
transmission structure.

While I have described my invention in detail in its pre-
ferred embodiment, it will be obvious to those skilled in
the art, after understanding my invention, that various
changes and modifications may be made therein with-
out departing from the spirit or scope thereof. I aim in
the appended claims to cover all such modifications.

I claim as my invention:

1. A variable speed-ratio transmission having co-axial
input and output members with facing toric surfaces hav-
ing a substantially common toric center circle; a plu-
rality of circumferentially-spaced rollers disposed be-
tween and having contact pressure engagement with said
surfaces for transmitting torque from the input member
to the output member; a plurality of circumferentially-
spaced pivot shaffs each disposed substantially tangent
to said toric center circle, there being one pivot shaft
for each roller with each roller being disposed radially
inwardly of its pivot shaft relative to the fransmission
axis and operatively connected thereto for support there-
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by so that pressure of said toric surfaces against the
rollers is effective to urge each roller radially outwardly
toward its pivot shaft; each roller pivot shaft being rotat-
able about its axis to provide for speed-ratio changing
movement of its roller across said toric surfaces; and a
substantially semi-cylindrical bearing for supporting each
pivot shaft and disposed on the ouiward side of the pivot
shaft directly opposite the asscciated roller.

2. A variable speed-ratio transmission as recited in
claim 1 and in which each said semi-cylindrical bearing
includes a plurality of ball elements and a semi-cylindrical
bearing cage within which said ball elements are received.

3. A variable- speed-ratio transmission as recited in
claim 1 including a pair of fixed means for each pivot
shaft and disposed at opposite ends thereof with each
said fixed means having a cylindrical recess for receiving
the adjacent eénd of its pivot shaft; and means. for supply-
ing a fluid under pressure to the recesses at the ends of

each pivot shaft for applying an axial conirol force to.

each pivot shaft to determine the speed-ratio position of
the rollers.

4. A variable speed-ratio transmission as recited in
claim 1 in which each said pivot shaft is translationally
movable parallel to the axis of said shaft for inducing
speed-ratio changing movement of its roller, and its semi-
cylindrical bearing is disposed intermediate the ends of
said shaft.

5. A variable speed-ratio- transmission as recited in
claim 4 in which one end of each pivot shaft includes
means for damping translational movements of said shaft
along its axis, each said damping means including a hol-
low cylindrical space in one end of its pivot shaft and a.
fixed piston member disposed within said space with at
least ome restricted passage therethrough dividing said
space into-a pair of opposed compariments intercon-
nected by said restricted. passage, and fluid substantially
filling said compartments,

6. A variable speed-ratio transmission as recited in
claim 5 in which said piston member has a pair of re-
stricted passages therethrough with oné restricted passage
having a larger cross-sectional area than the other, the
larger of said resiricted passages of each piston member

including: a "check valve for decreasing the amount of

damping by said damping means for movement of its
associated pivot shaft in-a direction for inducing speed-

ratio changing movement of its roller in a- direction for

decreasing the speed of the oufput member.
7. A variable speed-ratio- transmission having co-axial
input and output members. with facing toric surfaces; a
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plurality of circumferentially-spaced rollers disposed be-
tween and in driving contact with said surfaces for trans-
mitting torque from the input member to the output
member; support means for each roller including a pivot
shaft providing for speed-ratio changing pivotal move-
ment of said roller across said toric surfaces; bearing
supporf means for said pivot shaft; said pivot shaft being
supported for translational movement along its axis for
initiating speed-ratio pivotal movement of said roller such
that for. one direction of translational movement of said
pivot shaft, speed-ratio pivotal movement of said roller
toward a position of high output speed relative to input
speed is initiated and for a second direction of transla-
tional movement of said. pivot shaft, speed-ratio pivotal
movement of said roller toward a position of low output
speed relative to input speed is initiated; means for induc-
ing translational movement of said pivot shaft; and damp-
ing means for said pivot shaft for damping the transla-
tional movements of said pivot shaft; said damping means
including means for decreasing the amount of damping
by said damping means for translational movement of
said pivot shaft in said second direction.

8. A variable speed-ratio transmission as recited in
claim 7 in which said damping means includes a fixed
piston member positioned in a hollow cylindrical space
within one end of said pivot shaft; said pivot shaft being
movable relative to said piston member; restricted pas-
sage means in said piston member dividing said space into
a. pair of opposed compartments intercornected by said
restricted passage means; and said compartments being
substantially. filled with fluid.

9. A variable speed-ratio transmission as recited in
claim 8 in- which said restricted passage means includes
a pair of restricted passages therethrough; one of said
restricted passages baving valve means positioned therein;
and-said valve means being operative for decreasing the
amount of damping by said damping means for transla-
tional movement of said pivot shaft in said second direc-
tion. -
10. A variable speed-ratio. transmission as recited in
claim 7 in which said bearing support means for said
pivot shaft comprises a substantially semi-cylindrical
bearing member disposed on the opposite side of said
pivot shaft from its associated roller.
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